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WKH H[SRVXUH WR KHDW FDQ DOWHU VRPH RI WKH WKHUPDO SURSHUWLHV DQG DIIHFW WKH IXQFWLRQDOLW\ RI WKH ZKROH FLUFXLW
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GHSHQGLQJRQ WKH DSSOLFDWLRQRI WKH FLUFXLW WKHPRVW




)RU SXUSRVHV RI WKH GHYHORSPHQW RI WKLV UHVHDUFK WKH &X 13 LQN ZLOO EH DQDO\VHG LQ WZR GLIIHUHQW IOH[LEOH
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([SHULPHQWDOSURFHGXUHV
2.1. Experimental setup 




GHYHORSHG7KHSULQWLQJKHDGKDVXS WR  D[HVZKLFK IDFLOLWDWH WKH URWDWLRQ LQ DQG WKHUHIRUH WKH FUHDWLRQRI
SULQWHG VKDSHV XSRQ DQ\ SODQDU RU DPRUSKRXV VXUIDFH LV SRVVLEOH )RU WKH LQN GHSRVLWLRQ WKHUH LV QHFHVVDU\ D
FRPSUHVVHGDLUWDQNZKLFKSURYLGHVWKHSUHVVXUHDSSOLHGDQGWKXVWKHLQNFDQEHGLVSHQVHG7KHUHDUHWZRSUHVVXUH
JDXJHV RQH RI WKHVH FRQWUROV WKH SUHVVXUH IURP WKH WDQN DQG WKH VHFRQG WKH SUHVVXUH LQ WKH V\ULQJH 6LQFH WKH



























7KURXJK WKH XVH RI D &DOWHN ,QVWUXPHQW &0 GLJLWDO PXOWLPHWHU WKH FRQGXFWLYLW\ RI WKH VDPSOHV ZDV
PHDVXUHG DQG FRPSDUHG IRU WKH WZR IOH[LEOH VXEVWUDWHV 0LFURJUDSKV RI SULQWHG OLQHV DIWHU VLQWHULQJ ZHUH WKHQ
DQDO\VHGDQGFRPSDUHGWKURXJKWKHXVHRIDZKLWH OLJKW LQWHUIHURPHWHU6XUIDFHPHDVXUHPHQWRI WKHVLQWHUHGOLQHV
ZHUH FDUULHG RXW WKURXJK WKH XVH RI  DQ$OLFRQD ,QILQLWH)RFXV6/ DQG WKH KDUGQHVV WHVWZLOO EH GHYHORSHGE\ WKH
(OFRPHWHUSHQFLOKDUGQHVVWHVWHU
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UHG OLQHZDYHOHQJWK WKHFRQGXFWLYLW\VWDUWV IURPVDPSOHV LUUDGLDWHGZLWK:DQGPDLQWDLQLQJDFORVHGUDQJH
EHWZHHQȍWRȍXVLQJWKHVSHHGVIURPPPVUHVSHFWLYHO\WKHVHVKRZDGHFUHDVLQJYDOXHZKLFKFDQEH
UHODWHG WR WKH DPRXQWRISRZHU LUUDGLDWHG DW D ORZHU VSHHG$QRWKHU FORVHG UDQJHKDV EHHQ LGHQWLILHG LQ VDPSOHV
LUUDGLDWHGZLWK:ZKHUHWKHPHDVXUHGFRQGXFWLYLW\LQFUHDVHVIURPORZHUWRIDVWHVWVSHHGZKLFKFDQUHODWHWRWKH
YDSRUL]DWLRQRIPDWHULDOVDQG WKHUHIRUH OHVVFRQGXFWLYHPDWHULDO LV OHIW7KHQPJUHHQ OLQH LQDYHUDJHVKRZV
ORZHUXQLWVRIFRQGXFWLYLW\EXWJHQHUDOO\WKHUDQJHNHHSVWLJKWHULWDOVRVKRZVFRQGXFWLRQDW:ORZHUSRZHU
WKDQȜDQGWKHKLJKHVWFRQGXFWLRQYDOXHZDVREWDLQHGDW:DQGPPVFRUUHVSRQGLQJWRȍ6RPH























































QPȜ JUHHQ OLQH 7KH YDOXHV UHJLVWHUHG ZLWKLQ WKH UHDGV REWDLQHG DUH ORZHU LQ DQ DYHUDJH RI  LQ
FRPSDULVRQWR3(7IXUWKHUPRUHFRQGXFWLYLW\LUUDGLDQFHZLWKQPVWDUWHGDW:DQGPPVZKLOHZLWKQP
LW VWDUWHG DW : DQG PPV 7KH DYHUDJH YDOXHV RI ȍ KDYH EHHQ LGHQWLILHG DW : ZKHUH LQFUHDVLQJ
FRQGXFWLYLW\KDVEHHQIRXQGDW:DQG WKHKLJKHVWYDOXHREWDLQHGZLWKPPVRIȍ7UDFNVVLQWHUHGZLWK





















2QFH WKDW WKHKLJKHVWYDOXHVRI FRQGXFWLYLW\ZHUH LGHQWLILHG WKH FKRVHQSDUDPHWHUVKDYHEHHQ UHSHDWHG LQWR D
QHZEDWFKRISULQWHGWUDFNVLQRUGHUWRUHGXFHWKHDYHUDJHYDOXHV)RUWKHIOH[LEOH3(7WHVWVKDYHEHHQGHYHORSHG
ZLWKWKHFRPELQDWLRQRI:DQG:XVLQJWKHVDPHUDQJHRIVSHHGVZLWKERWKQPDQGQPZDYHOHQJWKV
7KHDYHUDJHFRQGXFWLYLW\DJDLQVW WKHYHORFLW\ LQ WKHWZRGLIIHUHQWZDYHOHQJWKVVKRZHGWKDW WKHKLJKHVWYDOXHKDV



























UHVXOWV RI WKH KLJKHVW DYHUDJH LW FDQ EH FRQFOXGHG WKDW WKH PRUH HQHUJ\ DEVRUEHG WKH KLJKHVW WKH FRQGXFWLYLW\
UHDFKHGDOWKRXJKWKHYDOXHVIURPDQGPPVLQILJXUHGRQRWPHHWWKHFDOFXODWLRQVLQFHLWVKRXOGEHORZHUWKDQ
WKH UHVW DOWKRXJK DW D GLIIHUHQW VFDOH FRQGXFWLYLW\ DW PPV LV KLJKHU WKDQ WKH RQH REWDLQHG IURP PPV
7KHUHIRUHVDPSOHVVLQWHUHGDW:KDYHUHDFKHGWKHKLJKHVWFRQGXFWLYLWLHV
7DEOH$YHUDJHFRQGXFWLYLW\ZLWK:DQG:
6SHHGPPV     







WKH SURFHVVZKLFK LV UHODWHG WR WKH FRQGXFWLYLW\ RWKHU FKDQJHV DUH DOVR DQDO\VHG VXFK DVPDWHULDO EHKDYLRXU RQ
QDQRFRSSHUSDVWHDQGWKH+$=RIWKHVXEVWUDWHVDQGKRZWKHKHDWWUDQVIHUIURPRQHPDWHULDOWRDQRWKHUFDQDIIHFW
WKH DGKHVLRQ DQG HYHQ SUHVHQW R[LGDWLRQ DQG HYDSRUDWLRQ $V SUHYLRXVO\ PHQWLRQHG WKH VDPSOHV KDYH EHHQ
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WKLVSURYHVWKHIDFW WKDW ORQJHU WUDFNVDQGGXHWR WKHUPDOGLIIXVLRQDUHFRROLQJGRZQIDVWHU WKDQVKRUWHURQHVDQG
WKXVWKHKHDWLVWUDQVIHUUHGRUGLVVLSDWHGWRWKHVXEVWUDWHPDLQWDLQLQJLGHDOSURSHUWLHVIRUWKHLQNWREHFRQGXFWLYH
:LGHU OLQHV KDYH DOVR EHHQGHSRVLWHG WKH GLIILFXOWLHV IDFHGZKLOH SULQWLQJ WKHPZDV WKH TXDOLW\ RI WKH VKDSH
ZKLFK LQYROYHG WKH DGMXVWPHQW RI SDUDPHWHUV VXFK DV GHFUHDVLQJ WKH SUHVVXUH RQ WKH V\ULQJH YDOYH DQG XVLQJ
GLIIHUHQW WUDQVYHUVH YHORFLWLHV WKHVHZHUH LUUDGLDWHGZLWK WKH VDPH EHDP GLDPHWHUZKLFK OHDG WR SDUWLDO VLQWHUHG
OLQHVWKHVDPHSRZHUWKDWKDVEHHQXVHGWRVLQWHUWKHVHVDPSOHVFDQDOVREHXVHGWRUHPRYHPDWHULDORQWKHHGJHVLQ
D GLIIHUHQW VFDQ OLQH EXW WKLV JDS RI UHVHDUFK OHDGV WR D GLIIHUHQW OLQH RI LQYHVWLJDWLRQ VXFK DV VXEWUDFWLYH
PDQXIDFWXULQJ
)LJXUH   DQG  VKRZV WKH GLIIHUHQW PHDVXUHPHQWV PDGH WR D ORQJHU OLQH GHSRVLWHG RQ IOH[LEOH 3(7 DQG
LUUDGLDWHG ZLWK : DQG PPV DW QP WKH JURXS RI LPDJHV VKRZ WKH VKULQNDJH RIPDWHULDO DIWHU EHLQJ
LUUDGLDWHG WKHVH DQDO\VLV KDYH EHHQ FDUULHG RXW ZLWK DQ $OLFRQD ,QILQLWH)RFXV6/ ,PDJHV D DQG E VKRZ WKH
QDQRFRSSHU OLQHDQG WKHURXJKQHVVRI LW UHVSHFWLYHO\VKRZLQJZKHUH WKHVROYHQWKDVEHHQ LUUHJXODUO\HYDSRUDWHG




































GHWHUPLQH WKH OHYHO RI VROLGLILFDWLRQ 7KH (OFRPHWHU  SHQFLO KDUGQHVV WHVWHU KDV EHHQ LPSOHPHQWHG DQG
DFFRUGLQJ WR/LZHL7KHVLOYHU LQN WUDFN¶VKDUGQHVVSURSHUW\FDQEHPHDVXUHGE\HYDOXDWLQJ WKHPD[LPXP
KDUGQHVV LQGH[ WKDW WKHSHQFLOKDUGQHVV WHVWHUFDQSUHYHQWGDPDJLQJ WKHSK\VLFDOVWUXFWXUHRI WKHVLOYHU LQN WUDFN
ZKHUHWKHVDPHKDUGQHVVLQGH[PDUNHGVFDOHZLOOEHDSSOLHGZLWKLQWKLVUHVHDUFKEHLQJ%WKHVRIWHVWDQG+WKH

















ϭ͘ϮϱtĂƚϱϯϮŶŵ ϭtĂƚϱϯϮŶŵ ϭ͘ϮϱtĂƚϭϬϲϰŶŵ ϭtĂƚϭϬϲϰŶŵ
KDUGHVW5HVXOWV VKRZHG WKHPRUH VROLG VDPSOHV UHVLVWHGGHODPLQDWLRQXSXQWLO SHQFLO +RU OHYHO LQ WKH VFDOH
SUHYLRXVO\ GHILQHG FRUUHVSRQGLQJ WR : ZLWK  DQGPPV DQG: PPV DW QP DVZHOO DV WKH
ORZHVWYDOXHLGHQWLILHGZLWKSHQFLO%OHYHOLQWUDFNVVLQWHUHGZLWK:PPVDQG:PPVDWQP
7KH DQDO\VLV RI WKH WHVW VKRZV WKDW OLQHV VLQWHUHG ZLWK : SUHVHQW D PDMRU UHVLVWDQFH WR GHODPLQDWLRQ DQG

































DQG UHJXODUSDSHUZLWK GLIIHUHQW SURSHUWLHV DQG DOVR KRZ WKH WUDFNVEHFRPH FRQGXFWLYH XQGHUGLIIHUHQW WUHDWPHQW
FRQGLWLRQVVXFKDVZDYHOHQJWKVSRZHUDQGYHORFLWLHV$OWKRXJKKLJKHUFRQGXFWLYLW\YDOXHVKDYHEHHQUHFRUGHGLQ
WHVWVLUUDGLDWHGXQGHUQPLQERWKVXEVWUDWHVWKHOLQHVVLQWHUHGDWQPSUHVHQWHGDPRUHFRQVWDQWDYHUDJHRI




+$= RQ WKH IOH[LEOH 3(7 DQG WKXV FUHDWHG SURSHU FRQGXFWLYH SDWKZD\V 6DPSOHV WKDW KDYH VKRZQ PRUH




VL]H IRUPDWLRQZLWKLQ WKHSDUWLFOHV OHDGLQJ WR WKHFUHDWLRQRIKLJK UHVROXWLRQ OLQHV LQRUGHU WRDQDO\VHGHHSHU WKH
EHKDYLRXU RI WKH SULQWHG SDWWHUQV ZKLFK FDQ EH IXUWKHU GHILQHG RU UHGXFHG ZLGWK ZLWK WKH FRPELQDWLRQ RI
6XEWUDFWLYH0DQXIDFWXULQJ IXUWKHU LQYHVWLJDWLRQVDUHSURSRVHGLQRUGHU WRUHPRYHPDWHULDOE\PDQDJLQJGLIIHUHQW
SRZHUVZKHQLUUDGLDWLQJ
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